Europiiisches Patentamt 
European Patent Office 
Office europien des brevets 



© Publicatfon number: 



0 283 256 

A2 



® 



EUROPEAN PATENT APPLICATION 



0 Application number: 8830354a8 
(§) Date of filing: 20.04^ 



® int CI * C07D 213/79 , 
C07D 401/14 , 
C07D 213/76 , 
C07D 405/14 , 
G01N 33/63 , 
221:00,221 .-00) 



C07D 213/36 
C07D 213/81 
C07D 471/04 
G01N 33/5^ 
//(C07D471/04, 



<S) Priority: 20.04.87 US 40386 


® Applicant EASTMAN KODAK COMPANY 


@ Date of publication of application: 


Patent Department 343 State Street 


Rochester New York 1'4650<US) 


26.10.88 Bulletin 88/43 


@ Inventor Toner, joitn Lulce c/o Eastman 


® Designated Contracting States: 


Kodalc Company 


DEFRGB 


Patent Department 343 State Street 




Rochester New York 14650(US) 




® Representative: Baron, Paul Alexander 




Clifford et al 




Kodak Limited Patent Department Headstone 




Drive 




Harrow Middlesex HAI 4TY(QB) 



S! 

CO 
lO 
CM 

00 
00 
CM 



@ Ruorasoent labels. 

® There are described stable fluorescent labels comprising a 'complex of Eu'^ and a chelating agent 
comprising a nucleus which is a triplet sensitizer having a triplet energy greater than that of Eu*^ and at least 
two heteroatom-containing groups which form coordinate complexes with Eu*' and a third heteroatom-containing 
group or heteroatom In or appended to the triplet sensitizer which chelating agents are polypyridbie or 
phenanlhrollne compounds. Labeled physlo-loglcally active materials useful in specific binding assays such as 
labeled antigens, haptens, antibodies, homoones and the Kke comprising the stable fluores-cem labels having 
physiologically active materials adsorbed or bonded thereto are also described. . 
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FLUORESCENT LABELS 



The present Invention relates to novel fluorescent labels and more particularly to fluorescent labels 
useful for the preparation of specific binding reagents comprising fluorescent labeled physiologically active 
materials. 

Ruorescent immunoreagents comprise at least one member of the immune system, i.e. an antibody or 
an antigen, "conjugated" with a rare-earth chelate. Such "conjugation" can be achieved in one of two ways: 

1) by labeling, i.e. attaching the rare-earth chelate to the antigen as described in Ruorescent 
Antibodjt Techniques and Their Application by A. Kawamura, Ed.. University Paric Press. Baltimore. 
Maryland. 1969. and then adding antibody to the conjugated antigen whereby the antibody and antigen join 
in the usual fashion, or 

2) by covalent bonding of the antibody of tiie chelate via a chemical group which binds to both 
antibodies and the chelates. 

U.S. Patent 4.637,988 discloses cyclic nitrogen compounds such as terpyridines and phenanthrolines as 
chelating agents. Such agents form chelates with lantiianide metals such as europium. The chelates can be 
used as fluorescent labels for physiologically active materials such as antigens and honnones in Immunoas- 
says. However, the patent only discloses one terpyridlne and one phenantiiroline. 

Studies have shown tfiat the specifically disclosed phenantiirolina has a low quantum efficiency and is 
too slow in coming to fluorescence equilibrium. These performance defects make such phenanthrollne 
impractical for use in the Wnd of rapid Immunoassays being used today. The one specifically disclosed, 
terpyridlne. has useful fluorescence but a higher level of fluorescence is desirable for more accurate assay 
measurements in immunoassays. 

It is the objective of the present invention to provide chelating agents having one or more improved 
properties such as improved quantum efficiency resulting in improved fluorescence and/or faster rates of 
establishing fluorescence ecjuilibrium. That objective is achieved with chelating agents which form highly 
fluorescent chelates with Eu \ The chelating agent comprises a nucleus which is a triplet sensitizer having 
a triplet energy greater tiian ttiat^of Eu*^ and at least two heteroatom containing groups which form chelates 
(coordinate complexes) with Eu ^ and a ttiird heteroatom containing group or heteroatom which is in tfie 
sensitizer or appended to tiie sensitizer nucleus. 

The chelating agent has the general structure 



R 



; wherein 



R represents hydrogen, allcyl, alkoxy, alkylthio, alkylamino, substituted or unsubstituted aryl, aryloxy, a 
heterocyclic group, an enzyme, an antigen or an antibody; 

represents hydrogen, alkyl. alko)cy, alkyi Oilo. alkylamino, substituted or unsubstituted aryl. a 
heterocyclic group, an enzyme, an antigen or an antibody; 

R2 represents carboxy. hydroxy carbonyliminodiacetic acid, methyleneimino diacetic acid, hydra 
zinylylidene diacetic acid or ttie esters or salts of such acids: 
n Is 0 to 4; and 
m is 0 to 1 

provided tfiat a) m can be 1 only when n is 0 and b) compounds of tiie staictures (1). (ii) and OH) are 
excluded from said general structure. 
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Alkyl refers to straight or branched alkyi of 1 to 12 carbon atoms, preferably 1 to 8 such as methyl, ethyl, 
isopropyl. 2-ethy(hexyl, decyl, etc. 

The alkyl portion of atkoxy. alkythfo. alkyamino has this same meanfng. 

40 Aryl and aryloxy refers to substituted or unsubstitutsd aryl or aryhsxy of about 6 to 20 carbon atonne 
sugh as phenyl, naphthyl and phenanthryl including substituted dertvath^es thereof such as nftrophenyl, 
hydroxyphenyl, tolyl. xylyl. methoxy phenyl, methylthlophenyl. carboxyphenyl. 5.5-dl-phenyf-2,4- 
Imidazolidlnedlone-a-ylmethylphenyl (a diphenylhydantoln substttuent on a tolyl group) and the like. 

Heterocyclic refers to substituted or unsubstltuted heterocyclic groups having 5 to 6 nuclear carbon and 

46 hetaro atoms such as pyridyl, methylpyridyl, nttropyHdyl, methoxypyridyl, oxteolyt, imkJazolyl. pyrazolyl. 
quinolyl, etc. 

The alkyl. alkoxy. alkythio. alkyamino, aryl, aryloxy, and heterocyclic groups can be part of, or have 
appended thereto, proteins for use in biological assays, parttcularty haptens, enzymes, antibodies, and 
antigens for example the previously mentioned hydantoin substttuent 

60 The chelates are water-soluble, stable at low concentrations at pH of 7 to tO. highly sensitive, and have 
favorable molar extinction coefficients (10,000-40,000) and favorable xmax. Accordingly, the present 
Invention provides a class of highly efficient, aqueous stabilized fluorescent labels for physiologically active 
materials such as antigens, hormones, antibodies and enzymes. 

In general, the chelating agents exhibit Improved fluorescence compared to the chelating agents of U.S. 

56 Patent 4,637.988. This is espedaliy true of quater-and quinquepyridines covered by the above general 
fonmula. Moreover, some of the chelating agents covered by the general fonmuia are excellent intermediates 
for attaching other desirable groups such as proteins. Others have higher binding constants for Europium 
(Eu*3). 
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70 



75 



SO 



The present invention also provides a new class of specific binding reagents, such as antigens, 
enzymes, hormones and the like bearing these highly useful fluorescent labels. 

The reagents are formed by adsorbing or covalently binding the fluorescent labeled antigens, haptens, 
antibodies, plant lectins, carbohydrates, hormones, enzymes and other such species-specific materials. 

Eu 3 is complexed with the chelating agent which is a triplet sensitizer having a triplet energy greater 
than that of Eu \ Examples of triplet sensitizers useful herein include heterocyclic and aromatic nitrogen- 
containing compounds such as quaterpyridines. qulnquepyridines, terpyridines and phenanthrolines. 

The terpyridines, quaterpyridines and qulnquepyridines have the structure 



'2 



~ R 

I li , 



Wherein 



R represents hydrogen, alkyl. alkoxy. alkylthio. aikylamino. substituted or unsubstituted aryl. aryloxy. a 
heterocyclic group, an enzyme, an antigen or an antibody; 

R' represents hydrogen, alkyl. alkoxy. alkylthio. aikylamino. substituted or unsubstituted aryl. a 
25 heterocyclic group, an enzyme, an antigen or an antibody; 

R2 represents carboxy, hydroxy carbonyliminodiacetic acid, methylenelmfno diacetic acid, hydra 
zinylylidene diacetic add or the salts or esters of such adds; and 
n is 1 to 4. 

The phenanthrolines have the structure 



30 



35 



2 

R^ 



--(CH-CH)--, 



KJ 



; wherein 



40 R^ represents hydrogen, alkyl. alkoxy. alkylthio. alkylamfno. substituted or unsubstituted aryl a 
heterocyclic group, an enzyme, an antigen or an antibody; and 

R2 represents carboxy. hydroxy cartwnyllminodiacetic acid, methyleneimino diacetic acid, hydra 
zinylylidene diacetic acid or the salts of such adds. 

WItii europium, the triplet energy must be at least about 47 Kcal. 
^ "The complex contains any ratio of Eu*^ metal to dielating age^it In preferred embodiments, the mole 
rabo of Eu 3 to chelating agent Is from 1:1 to 2:1. Especially preferred are complexes having a mole ratio of 

Eu 3 and the chelating agent are easily complexed by merely mixing an aqueous solution of tfie 
chelating agent witii a Eu 3 salt in an aqueous solution of pH 7 to 10. The Eu*3 salt is any water soluble 
salt of tiie metal such as Euaa-SHaO or other habgen salts. The chelate Is generally prepared In aqueous 
solution at a pH of between 8 and 11 and preferably 8 and 9. The dielate optionally Is mixed witfi buffers 
such as phosphate and borate to produce the optimum pH. 
Espedally prefenred chelating agents are 
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represents H, or alkyi of about 1 to 8 carbon atoms, and 
represents H. -OCH3, -NO2; and 




; wherein 

A, A, 

HO. 



i io,H 

represents NO2 or-OCHa; and 
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wherein 



20 





HOjC CbjH 



R9 represents H, OCH3. -NOe. 

The chelates are used to latsei a variety of physiologically active materials by binding said materials to 
the chelate by adsorption or by covalent bonding. Among the physiologically active materials which are 
25 labeled in this fashion are enzymes and their substrates, antigens, antibodies, l.e. any substance which is 
capable, under appropriate conditions, of reacting specifically in some detectable manner with an antibody, 
carbohydrates, metabolites, drugs, other phannacaloglcal agents and their receptors and other binding 
substances. Specific binding assay reagents are described in U.S. Patents 3.557.555; 3.853.987; 4.108.972 
and 4,205.058. 

30 Techniques for perfomning such binding of physiologically active materials to tiie complexes are those 

well-known In the art and include simply mixing tiie materials togetiier. 

In specific binding assay metiiods, a compound having structural similarity to tiie analyte being 

detemnined Is herein refenred to as the ligand and tiie labeled compound as tiie llgand analog. Compounds 

which specifically recognize tiie ligands and ligand analogs and bond to tiiem are referred to as receptors. 
3S In performing one such type of assay, ttie ligand is placed in competition witti the ligand analog for 

binding to tiie receptor Unknown concentrations of tiie ligand are infened from tiie measured signal of the 

labeled, ligand analog. The reaction proceeds as follows: 

ligand * (labeled) ligand anatog -1- receptor Ugand/receptor + ligand analog/receptor 
40 For illustrative purposes, tiie discussion which follows describes one particular type of specific binding 
assay technique, a competitive binding fluorescence Immunoassay technique. 

This system consists of antigen labeled witii a fluorescent label of tiie present invention, unlabeled 
native antigen (In test sample) and specific antibody whereby Uiere is competition between tiie unlabeled 
antigen and tiie labeled antigen for binding to tiie antibody* 
45 The greater tfie concentration of unlabeled antigen from ttte test sample in tiie system, tiie less tiie 
labeled antigen will be bound by tiie antibody. If ttie concentrations of labeled antigen and antibody are 
fixed and tiie only variable is tiie level of unlabeled antigen, it Is possible to detennine tiie unknown level of 
unlabeled antigen by physically separating tiie antigen-antibody complex from tiie remaining free antigen 
(both labeled and unlabeled) and comparing tiie fluorescence of tiie labeled antigen, eitiier free or bound, 
so with a standard curve plotting of tiie values given by a range of known amounts of the antigen treated in the 
same manner. 

Once prepared as described hereinabove, tiie fluorescent-labeled, physiologically active species is 
useful in fluorescent specific binding assays, particulariy tiiose which utilize temporal resolution of tiie 
spedfic detecting signal to distinguish from background as described In Gemnan OLS 2.628.158. In tills 
55 time-resolved mode (i.e. temporal resolution), tiie sample is excited in an intermittent fashion and 
information is accepted only during tfie daric cycle when the long-lived fluorescent label is still emitting 
strongly but when otiier sources of fluorescence have decayed. Discontinuous excitation is achieved In a 
variety of ways, including pulsed laser, mechanical chopping of a continuous excitation beam and moving 
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the sample in and out of the excitation beam. Moreover, discontinuous e>ccit8tion has the advantage of 
allowing the use of high radiant power without the absorption of a large amount of energy by the sample, 
thus diminishing the probability of sample photodegradation. 

Examples of such fluorescent specific binding reagents described herein find utility are described In 
6 U.S. Patents 3,988.943; 4.020,1 51 : 3,939,350; 4.220.450 and 3.901 .654. 

In a prefenBd embodiment, the specific binding assay te canried out In a dry analytical element such as 
described In copending U.S. Patent 4,258,001 granted htoch 24. 1981. Fn this emirodlment the element 
contains a support and a spreading reagent layer comprised of polymeric beads, and opSonafiy a 
registration layer, in some cases, the spreading layer is separate from thte reagent layer. The spreading. 
10 reagent and registration layers optionally comprise the pclymerfc bead structure. The polymeric beads of 
the reagent layer have receptors such as antibodies adsorbed to their surfaces. 

The chelate label of the present Invention is placed above, below, or in ^e reagent layer In a manner 
that prevents the specific reaction from occunring prior to sample wetting, or it is spotted onto the element 
concun'ently with or subsequent to the sample. It is only necessary that the labeled Rgand analog penmeato 
16 the element upon wetting subsequently to competo wHh the unknown amount of llgand in the sample In the 
formation of the llgand receptor complex. The assay is performed by fluoffmietrically detenminlng the 
amount of free labeled llgand analog present or the amount of bound labeled llgand analog-receptor 
complex. 

The following non-limiting examples will serve better to illustrate the sik^cessful practice of the instant 
20 invention. 

The syntheses of terpyridlnes, quaterpyrldines and quinquepyridlnes are similar. The ^H-NMR spectra, 
the mass spectra, and the Infrared spectra were consistent for the deslnsd producte In each of the following 
examples. 
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Example 1 



50 



55 



Preparation of 4.4 ■Bis(4-methoxvphenyi)-6.6 -dicarboxy-2.2 :6,2 -terpyridine 



A mixture of compound 1 wherein is methoxy (7.69 g, 34.9 mmoi) and the bispyridinlum salt 2 (10.0 
g. 17.5 mmoi) was refluxed for 18 hours in 600 mL of MeOH with 15 g of NHiOAc according to the 
procedure of F. Kr |l nka. Synthesis . 1. 1*24 (1976). The solution was filtered and the solid was triturated 
with hot dilute HCI. The resulting terpyridine diadd was collected by filtration, washed with MeOH then Et^O 
(diethyl ether) and dried to give 4.74 g of product as a white powder (51%). 
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Anal. Calcd. for C3tH23N306«H20: 
C. 67.5; H. 4.6; N. 7.8 Found: C, 67.8; H, 4.4; N, 7.5. 

Terpyrldlne compounds 13. 14 and 15 were produced fronn compound 3 In which was -CH3, 
according to the following reaction scheme. THF Is tetr^ydrofuran. 
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Other representative examples of useful tarpyrldlnes are presented in Table 1. 
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TABLE 1 



1) "^ys. y\ 

\ J* K y i wherein 

I I 
COjH COjH 

" represents -H, -SCH3, -OCH3, -CN, 

-NO2, -CO2CH3, etc.; 

20 




; wherein 



3) 



represents -OCH3, HUOj, etc. 



V V 

K y ; wherein 

HOjC COjH HOjC CO2H 



10 



07S62B6 



represents -CH3, -OCH3, -NOj* etc; 
4) I 

V V 

HOjC COjH COjH COjH 

represents H, alkyl of 1 to about 8 

carbon atoms; and 
9 

R represents H, -OCH3, -NOj, etc.; 



wherein 
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II II 

HOjC COjH HO2C CO^H 



; wherein 



R represents H, -OCH3, -NOj, etc.; 



8) 




R represents H, -OCH3, ~^°2' 



; wherein 



Quaterpyridlne compounds were produced according to the following scheme. 8u is butyl. 
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Preparation of 4.4''-Bis(4 methvlphenyl)-6.6" dicarboxv«2y:6'^'':6",2"-quaterpyridine 



6,6'-DiacetyI-2,2'-blpyrldlne was synthesized by the method of J.EParks, B.EWagner and R.H.Holm. J. 

5 Organomet Chem. 56, 53-66 (1973). The bispyrldinium iodide was generated by refluxing 2.00 g of the 
diacetylbipyrldlne (8.33 mmol) in 50 mL of pyridine with 4.23 g of h (16 J mmol) for 1 hour. The solution 
was cooled and filtered, and the solid was washed first with pyridine then with EtsO (diethyl ether) to give, 
after drying, 4.46 g of the desired product as a sand-colored solid (82%). 

Anal. Calcd. for Cz^HaofeNiOa: C. 44.3: H. 3.1; N. 8.6. Found: C, 44.4: H. 3.2: N. 8.8. 

70 The bispyrldinium salt (3.00 g, 4.62 mmol) and 1, with R'^ being methyl. (1.75 g, 9.23 mmol) were 
combined and refluxed together with 20 g of NH4OAC in 500 mL of MeOH for 16 hours. The solution was 
cooled and filtered. The solid was worked up by the method used for 3 (Example 1). then recrystallized 
from N.N dimethylfomiamide (DMF) to give 0.80 g of the titled compound as a cream-colored powder 
(30%). 

75 Anal. Calcd. for CasHasN^Oi^HaO: C. 

72.5: H. 4.7: N, 9.4. Found: C. 72.4; H. 4.4: N. 9.3. 

Quaterpyridine compounds made by the procedure In Example 2 includes: R^^ ^-CHa and -OCHa. 
Quinquepyridine compounds were prepared according to the following reaction scheme: 
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Example 3 

45 

Preparation of 4 ,4'^-Bis(2-Furvl) 6.6* -dicarboxy-2.2':6'.2'':8\2":8".2"-quinquepvridine (20) 

50 Compound 16, available by the previously cited Parks et al method, g, 74^ mmol) was dissolved 
in 400 mL of EtzO which had been freshly distilled from LiAIHi. With the temperature maintained at 50«C. 
35.3 mL of 2.1 M n-BuLI (74.2 mmol) was added dropwise with stining under Na. After stining an additional 
0.5 hour at -50"C. dry C02 (g) was bubbled through the solution and the temperature was allowed to rise to 
22*C. After 2 hours, the mixture was extracted with dilute aqueous NaHCOa. The organic phase was 

55 washed with water and the combined aqueous phase was acidified to pH 2 with HCI then extracted with 
CHaClz. The CH2CI2 phase was washed twice with water then dried over NaaSO*. RItration followed by 
addition of ligroin, and solvent removal gave a yellow solid. Recrystailization from cyclohexane gave 17 as 
an off-white solid (7.2 g. 46%). 
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Anal. Calcd. for CioHuNO*: C, 57.4; H, 5.3; N. 6.7, Found: C, 572; H. 6.3; N. 6.7. 
Compound 17 (6.1 g, 29.2 mmol) was refluxed InlOO mL of 3N HCI for 2 hours under N2. The resulting 
solution was treated with NaHCOa to pH 2 then extracted 3 times with CHaCfe The combined organic phase 
was dried over Na2S0i , filtered, and evaporated to give 4.4 g of 18 as an off-wHlte powder (91%). 
6 Anal. Calcd. for CaHyNOs: C. 58,2; H. 4.3: N. a5. l=ound: C, SaO; H, 4.3; N. 8:4. 

Compound 18 (0.50 g, 3.0 mmol) was refkjxed with 2-furaldehyde (0.29 g, 3.0 mmol) in 25 mL of MeOK 
with 0.2 g of KOH under N2 for 1.5 hours. The solution was poi^d into 100 mL of aqueous NaHCOs and 
extracted with CH2CI2 which was discarded. The aqueous phase was acidified and extracted twice wfth 
CH2Ct2. The organic phase was worked up by the procedure used for coifnpound 18 to gWe chalcone 19 as 
70 a light green foam which was pure enough to contihue with. 

Chalcone 19 (0.60 g. 2.5 mmol) and 2 (0.71 g, 1.2 mmol) were combined and refkjxed together with 5 g 
of NHUOAc in 100 mL of IVIeOH for 16 hours. The solution was cooled and filtered and the resulting solid 
was wori<ed up by the procedure used for the terpyrldlne diacid 3 In which Is -OCHq, to give 20 as a 
tan powder (0.40 g 53%). 

16 Anal. Calcd. for C35H2iN506,*1/2 H2O1 0, 68.2; H, 3.6; N. 11.4. I=bund: C, 68.3; H, 3.5; N. 11.5. 

A 10~^M solution of the quinquepyridine 20 and EuCt3#6H20 was highly luminescent under long 
wavelength UV light. 



20 Example 4 



Preparation of fluorescent chelates with ter-, and quater^pyridlnes and Eu^^ 

25 

Stock 10"^ m solutions of terpyrldlne. Eu*^ complexes were prepared by weighing the appropriate 
amount of the terpyridine into a 1 1 volumetric flask; adding 1.00 mL of a stock 10*^M EuCIa solution and 
then diluting with pH 10 borate buffer. For luminescence vs. concentration studies, the dilutions were carried 
out with lO^'M Eu*' solutions in pH 10 borate buffer. The constant Eu^^ concentration forces the 
30 terpyridine to remain compiexed at low concentrations (Ka 3 about 5 lO^M*^). 

Solutions of the quaterpyridine diacid Eu*^ complexes were prepared so that the Eu*^ concentration 
was maintained at 1 0X the concentration of the cjuaterpyridine diacid. 

For solutions of the terpyridine tetraacki«Eu ^ chelates, the Eu^^ concentration was maintained at twk:e 
the Hgand concentration, 
as The luminescence properties of tiie chelates are Presented in Tables 2, 3 and 4. 
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TABLE 3 

Luminescence vs. Concentration for the 
+3 

Eu - Chelate with Compound X of 
Table I (R^- -^H^) 



Concentration 




Luminesence 


of Chelate (M) 


£ii 


at 614 nm 


10-6, 


10 


11.46 


5 X IQ-^ 


10 


7.41 


10-' 


10 


0.86 


5 X 10"^ 


10 


0.35 


3 X 10""® 


10 


0.i23 


io-« 


.10 


0.07 


5 X 10"' 


10 


0.03 



TABLE 4 

Luminescence vs. Concentration for the 

Quaterpyridine'Eu'*'^ Chelate 
(Example 2, Compound 12b; R^^ - -OCH^) 

Concentration Luminesence 



Chelate 




at 616 nm 


10-5 


10 


365 


10-6 


10 


35.66 


4 X IQ-' 


10 


14.26 


2 X 10-' 


10 


6.46 


10-' 


10 


2.61 


4 X 10-* 


10 


0.98 


2 X 10-* 


10 


0.42 


io-« 


10 


0.24 


4 X 10"' 


10 


0.09 



A series of phenanthroline chelating agents were prepared using the foitowing series of reaction 
schemes. In the chemical structures tSu refers to tertiary butyl. 
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Preparation of 2-Bromomethvl^melhvl-1.10-phenanthroHnB ( 22) 



A morture of 6.3 g (0.03 mol) of 2.9^i.methyl-1.10i)henanfhroline. 6 mL of 30% HiCh and 30 mL of 
55 tnfiuoroacetc add (TFA) was refluxed for 3 hours. The reaction was followed by 'H NMR analysis of the 
reacbon mixture. The volatiles were removed using a rotary evaporator initially and then a vacuum pump to 
vfi^,l '^^^ ^ ' 9*"*^" «y™P crystallized from EkO as the TFA salt 'H NMR 
(CFaCOaH) 2.9 {e.-3H): 3.1 (s, 3H): 7.95 (ABq. 1H): 8.1 (ABq. 1H): 62 (s. 2H): a35 (ABq.lH): 8.9 (ABq 1H) 
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The N-oxIde was dissolved In 90 mL of AC2O and then added over 20 min to 250 mL of refluxing AC2O. 
AcgO is acetic anhydride. After refluxing for an additional 30 minutes, the dark solution was cooled and the 
AC2O removed in vacuo . The crude residue was purified by chromatography on sHlca gel using CH2CI2 to 
elute 2-dcetoxymethyi«9-methyl-1.10*phenanthroHne (21). NMR (CDCb) 2.08 (s, 3H); 3.82 (s, 3H}; 6.53 
6 {s. 2H); 7.4 (ABq. 1H J « 9 Hz); 7.57 (ABq. 1H. J = 9 Hz); 7.62 (s, 2H): aO:{Abq, 1H. J = 9. Hz); 8.13 
(ABq. 1H,J9Hz). 

The acetate (21) was dissolved in 60 mL of 31% HBr In HoAc and refluxed for 4 hours. After cooRng. all 
the solvent was removed In vacuo . The resulting black residue was suspended in a nnlxture of CHaCta and 
dilute aqueous NaHC03. Four 200 mL CHaCk extracts removed the deeired bromide from the insofubTe 
70 material floating at the solvent Interface. After drying over f^SOi and removal of the ^tvent the dark 
residual soild was relatively pure phenanthroilne (22) containkig a trace amount of 2,9-dimethyl-1,10 
phenanthrollne. The dark impurities were removed by dtromatography on eliica gel using CHzOh as the 
eluent which gave 3.5 g (42%) of 22. 'H NMR (CCX^Ia) 2.9 (s. 3H); 4.94 (s. 2H); 7.43 (ABq. 1 H. J « 9 Hz). 
7.6 (8, 2H): 7.8 (ABq, 1H, J = 9 Hz); 7.97 (ABq. J = 9 Hz); 8.1 (ABq. 1H, J » 9 Hz). 

IS 

Example 6 



20 Preparation of 2-[dHt''butoxycarbonvlmethyl>*aminomethyl>9*methyM,10'iJhenanthrollne (23) 



Part A ; dl'tert'butyl iminodiacetate 
25 . 

A mixture of 5.0 g (38 mmol) of iminodiacetic acid, 4.5 mL (50 nrvnoi) of HCIOi and 100 mL of tert-butyl 
acetate was stinred for about 20 minutes at 20''C urtttl the reaction became honrK)geneous. After st^dlng for 
3 days, the solution was poured Into 10% aqueous NaHCOs and extracted three times with 50 mL porttons 
of CH2CI2. After drying over Na2S0* and removal of solvents using an aspinator, the resulting oil was a 

30 mixture of di-tert-butyl iminodiacetate and tert-butyl acetate. The crude product was dissolved in 50 mL of 
CH2CI2 and extracted at O'C with 100 mL of 8 M HCI; the aqueous phase was extracted twice with CHaCIa 
and then poured Into ice water saturated with NaHCOa. The resulting alkailne solutton was retracted three 
times with CHaCb. After drying over NaaSOi, the volatlies were removed to yield 26, Isolated as a yellow 
oil (^5 g. 27%) which upon standing at -S^C solidified. *H-NMR (CDCI3 1.4 (s. 18H); 2.0 (s, 1H); 3^ 

06 (s,4H). I^ass spec m/e 245 (m"), 133. 



Part S ■ tert-Butyi Ester (23) 



A mixture of 900 mg (3.8 mmol) of dhtert-butyl iminodiacetate, 800 mg (2.8 mmol) of bromide (22) and 
0.5 g of dlisopropylethylamine were stln^ in 8 mL of dry DMF at 25^.C for 45 hours. The solution was 
poured into djiute NaHCOa in delonized HgO and extracted 3 times with Cl^aCla. After drying over NaaSOi 
and solvent removal, by ^H NMR the residue was a 1:1 mixture of 23 and cfi-tert-butyl iminodiacetate* The 
45 material was chromatographed on florisil; a mixture of 40 percent CHzGle in cyclohexane was used to eluta 
the dl-tert-butyi iminodiacetate followed by a mixture of the dlacetate and 23; CH2O2 eluted 200 mg of Pure 
23. ^H am (COCIa) 1.3 (s. 9H); 2.7 (s. 3H);3.35 (s. 4H); 4.3 (s, 2H): 7.4 (ABq. 1H); 7.5 (s. 2H); 7.6 (ABq, 
2H); 8.05 (ABq. 1H): 8.05 (m. 2H). Mass spec (field desorption) mfe 451 (M ). 
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Pregaration of 2^N.NKiifoarbQ xymethvi)ammo-methv{1-9'methvl-1jO>phenanthroH^^ (42 Table H) 

A mixture of 200 mg of 23 and 5 mL of trlfluoroacetic acid was allowed to stand at acc for 1 hour In 
order to monitor the reaction by NMR the solvent was removed under vacuum. A NMR spectrum of the 
residue redlssolved in TFA revealed the t-butyl esters had been removed. 



Reparation of 2-(N-tert-butoxvcarbonvlmethvi-N-h vdroxyethviamlnQmethv^^^^ 

Part A;tert-Butyl N-(2-Hvdroi{vethvnQlYcinate (10^ 

A mixture of 6 g (0.03 mmol) of tert-butyi bromoacetate in 15 mL of CH,CN was added over 30 minutes 
to a 20«C stirred solution of 30 g of 2-aminoethanol in 30 mL of CH3CN. After stirring for 3 hours, the 
solvent was removed using a rotary evaporator. 

The residue was poured into HiO and extracted six time with CHjCfe. After drying over NaaSO* and 
removal of the CHjCla. 3.1 g (60%) of 10 was obtained as a water-white liquid. 'H NIMR 1.35 (s. 9H)- 2.1 
(broad s. IH); 2JS7 (t, 2H): 3.18 (s. 2H): 3.5 (t. 2H). v . /. ^ ' 

PartB 

30 Asolutlonof 3.1 g(18mmol)oftheglycinatefix)mPartA.4.0g(1i mmol) of bromide 22 and 2.5 g (19 
mmol) of diisopropylethylamine in 15 mL of CHaCIj was stirred for 24 hours at 30°C. The solution was 
Poured into dilute NaHCOa In deionized H2O and extracted 3 times with CHaOa. After drying over NaaSO* 
and removal of the soNent. 3 g of residue was obtained which was essentialty clean 24. Chromatography on 
flonsil required 1-10% MeOH/CHaCIa to elute pure 24. 'H NMR (CDClj) 1.44 (s. 9H): 2.83 (s 3H)- 2JM (t 

SS 2H): %4 (s. 2H): 3.8 (t. 2H): 7.4 (ABq. 1H): 7.8 (s. 2H) 7.7 (ABq. IH); 8.0 (ABq. 1^ ai (A^. IH) ^ 
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Example s 



45 To a mixture of 100 mg of 24 and 0.3 g of triethylamlne In 2 mL of CH2CI2 was added 02 g of 
propionyl chlonde. The reaction mixture was stin-ed for 15 hours, poured Into dilute NaHCOa in deionlzed 
HaO and extracted 3 times with CHzCfe. After drying over NazSO* and removal of the solvent, the residue 
was chromatographed on florisil using CH2CI2 to elute 110 mg of 25. NMR (CDQa) 1 03* ft 3HV 1 43 (s 

l^l ^^'^ ^-^^ 2")= 4-^6 ft 4.33 (t. 2H): 7.43 (ABq. H. J = 9 Hz)' 

50 7.65 (s. 2H)i7.97 (ABq. IH); 8.03 (ABq. 1H): 8.13 (ABq. 1h). Mass spec (FD) m/e 437 
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Preparation of 2,9«Bl8fdrmyl'9t10-phenanthrolfne (26) 



As described by C.J.Chandler, LW.Oeady, and JARetes. J. Heterocyclic Cliem., 18. 599 (1981), a 
5 mixture of 9.0 g (43.2 mmol) of 2.9-dimethytphenanthrollne ami 22.5 g (0.2 mof) of seienh^ dioxide were 
refluxed In 800 mL of dioxane containing 4% HaO for 2.5 hours. The hot dark solution was filtered through 
Ceihe^. cooled, and the resulting Oolid was collected by filtration. After air drying. 8.0 g (80%) of 28 
Isolated as a yellow solid was obtained. 'H NMR (01^8)^6) 8.2 (s, 2H); 8:32 (ABq, 2H); 8.7 (ABq, 2H) 10.35 
(S.2H). 

10 

Exampie 11 



15 Preparation of 2.9-Bls(hydroxymethyl)-1.10-phenarrthrollne (27) 



To a mixture of 2.0 g of diatdehyde 26 in 40 mL of DMF and 5 Ml of ethanoi was added 800 mg of 
NaBHi. The solution was stirred 6 hours at 30^*0 then 5 mL of acetone was added. The soWevX was 
20 removed under vacuum and the residue recrystalUzed from 50 mL of HaO to yield 1.7 g of diol (27). *H 
NMR (DiVISO-ds) 4.7 (s. 4H); 5.45 (broad s, 2H); 7.6 (ABq, 2H); 7.7 (s. 2H); 825 (ABq« 2H). 

Exampie 12 

25 

Preparation of 2.9-Bis(bromomethyl)«1.10-phenanthrollne (28) 



30 A mixture of 250 mg of diol 27 in 10 mL of 31% HBr in HOAc was refluxed for 3 hours. The solvent of 
the resulting orange solution was removed in vacuo and the residue viras talcen up in CH2GI2 and dilute 
aqueous NaHCOs. Due to low solubility. 3 CH2Ct2 extractions were necessary to leach all the dibromlde 28 
from the insoluble material. After drying over Na2S0i and removal of the solvent 220 mg (-60%) of 28 was 
obtained as a daric solid which was pure by NMR. Chromatography on sfttca gel using CHzOz eluted 28 as 

05 a white solid. ^H NMR (CDCIa) 4.87 (s. 4H); 7.63 (s. 2H); 7.83 (ABq. 2H. J ^ 8 1^); 8.13 (ABq. 2H, J = 8 
Hz). 



Exampie 13 

40 

Preparation of 2.9-Bis[N.N-dltert-butoxycarbonyl-methylaminomethyl]-1.10-phenanthroiine (32) 



46 A mixture of 220 mg (0,57 mmol) of dibromide 28. 400 mg (1.6 mmol) of dl-tert-butyi iminodlacetate. 
0.5 g of diisopropylethylamlne in 5 mL of 1:1 CH2CI2/CH3CN was stirred for 15 hours at 25*C. The solution 
was poured into deionized HaO/NaaHCOa and extracted three times with CH2CI2. After drying over Na2S04 
and solvent removal, tiie residue was chromatographed on florisll. Residual iminodlacetate and tetraester 
were eluted with 20-50% CH2CI2 In cyclohexane; 5% MeOH/CH2Cl2 eluted 120 mg of clean 32. 'H NMR 

50 (CDCI3) 1.30 (s. 18H); 1.38 (s. 18H); 3.42 (s. 8H); 4.23 (s. 2H); 4.33 (s, 2H); 7.60 (s, 2H): 8.05 (ABq, 4H). 
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10 



Preparation of 1.10-Phenanthroline-2.9-dicarboxvllc acid Chloride (30) 

Following the procedure of Chandler et al. referred to in Example 10. a solution of 0.6 g (2.5 mmol) of 
bisaWehyde 26 in 12 mL of 80% nitric acid was refluxed for 3 hours. Upon cooling, the reaction was poured 

MMo'm.^^ f^'"^ "P*** ^ *yn9' 0-5 9 (75%) of 18 was Isolated 'H- 

NMR(DMSO-ds) 8.20 (S.2H); 8.45 (ABq.2H): 8.75 (ABq.2H). 9"«eu n 

A mixture of 0.5 g of dlcart»xylic acid 29 was refluxed in 5 mL of thionyl chloride for 5 hours The 
suspension slowly went into solution as the reaction proceeded. The volatiles were removed using a rotarv 
evaporaton the residue was twice dissolved in benzene and stripped to dryness 



'H NMR (CDCI3) 8.05 (8. 2H); 8.45 (8. 4H). 
>5 Example 15 



20 



25 



30 



mide (34) 



!2Q 2! N.N'-Bisftert-butoxvcarbonvlmethvl)-N.N'-Bis(2-hydroxvethvl)-1.10-phenanthroline-2.9^la. 



To a 20 C mixture of 400 mg (4 mmoi) of EtsN and 0.5 g (3 mmol) of tert-butyi N-(2-hydroxyethvl). 
glycinate in 3 mL of CHjCb added 0.3 g (l mmoi) of the bisadd chloride 30. The solution was stirred 
overnight, poured Into NaaHCOs/HjO and extracted three times with CHaCb. After drying over NajSO* and 
^»!r«?;,^ 0?*^*^® ''^ chromatographed on fiorisil. The product came off mainly with CHaCb- 

5% MeOH/CHzClz but was contaminated with residual glycinate. This material was slurried in 4 mL of EtaO 
1 mL of petroleum ether was added and the solution decanted from the clean product 20. 'H NMR (COCh) 



Example 16 

35 Prepafglion of N,N.N'.N'-tetraftert-butoxvcart>onvl methvl)-1.10^>henanthroline-2.9^lamidft p| 

A mixture of 3.0 g (11.2 mmol) of diadd 29 and 100 mL of thionyl chloride was refluxed for 18 hours 
cooled, and sMpped under vacuum. The crude bis(acld chloride) 30. without further purification, wa^ 
.'"Vof.*^ ^ ^ 9 <24.6 mmol) of dl-t-butyl iminodiacetate. 

followed by 3^4 mL (24.6 mmol) of triethylamine. After stirring at 200-C for 2 hours, the solution wail 
RoZrM r, Sn!' f ^1 chromatographed on fiorisil using a gradient from 25% 

7:^^^^^??JT ^ ^ 9 ^^^"^"^ of 33 as a dean oil whidi formed a stiff foam. NMR (CDCI,) 

« - ?u ??; 2"): 8-^7 (ABq. 2H. J » 8 Hz): 8.27 (ABq. 2K 

« J a 8 Hz). Mass spec (FD) m/e 723 (m '). * 

AnaL Calcd. for CasHsoNiOio: 0. 63.1; H. 7.0: N. 7 A. Found: C. 62.8: H. 7.0; N. 7.9. 
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Preparation of N.N.N\N'-tetra(carboxymethvl)-1 J0-phenanthroftne-2.9<itOTi^^^ (39. Table 5) 

A mixture of 800 mg (1.1 mmol) of 21 in 25 mL of TFA stood for 1 hour at 20*'C. Upon removal of the 
solvent under vacuum and washing of the residue with Et20, 0.54 g of product (^%) was obtained. Isoiated 
as a white power. NMR (CDCb/DMSO-de) 4^2 (s. 4H); 4.84 (s, 4H); aos (ABq. 2H. J » 8 Hz); ai (s. 
2H); 8.57 (ABq. 2H. J » 8 Hz). Anal Gated, for C22H18N4O10 1/2 HzO: C. S2.1; H, 3.8; N, 11.0. Fburtd: C. 
52.1; H, 3.9; N. 11.0. 

Example 18 

Preparation of N.N-Bis(tert*butoxvcarbonvlmethvl)-1.10-phenanthrollne-2*carboxyllc acid amide (38) 



A mixture of 200 mg (0.9 mmol) of 9,10-phenanthroline-2-carboxylic acid In 10 mL of thionyl chloride 
was refluxed for 6 hours. Although the reaction never became homogeneous, the volatiies were removed 
using a rotary evaporator. The residue was suspended In benzene and stripped to dryness. The crude 

20 product, dissolved in 10 mL of CHaCb, was combined with 240 mg (1 mmol) of dl-tert4)utyl Imlnodlacetate 
followed by 300 mg of triethylamlne. After stirring at 30^0 for 24 hours, the reaction was poured into 
NaHC03/deionized H2O and extracted three times with CH2CI2, dried over Na2S0i and evaporated. The 
residue was chromatographed on fiorlsii using 1*5% MeOH/CH2Cl2 to elutd 100 mg (24%) of the desired 
amide 38. NMR (CDCI3) 1.1 (s. 9H); 1.37 (s, 9H); 4.2 (s, 2H); 4.63 (s. 2H); 7,5 (d, 1H); 7.65 (Si 2H); 8.0 

25 (d. 1 H); 8.03 (d. 1 H); 8.1 3 (d. 1 H); 9.0 (m, 1 H). Mass spec (FD) m/e 451 . 

Hydrolysis Proceeded quantitatively by the procedure used for compound 39, Table 5. to give diadd 
compound 43, Table 5. Other similarly produced compounds are also presented in Table 5. 
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Preparation of phenanthroline tetraacid complexes of Eu*^ 



Stock solutions of the phenanthroJIne chelating agents were prepared by weighing the appro- 

5 priate amounts Into 1L volumetric flasks, adding 10 mL of lO'^m EuOFa solutfon and diluting with pH 10 
borate buffer. In the case of compound 43. Table 5, the solution reached constant luminescence 
Immediately. With compound 39, Table 5. it was necessary to allow the solution to stand for eight days to 
reach constant luminescence. Relative quantum efffdendes (4), absorption maxima and luminescence of 
the chelates prepared in this example are presented in Tables 6 and 7. 
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TABLE 6 

Quantum EEglclenc les and Absorption Maxima for Samtf 
Eu^ Chelat es in aH IQ Borate BuPf^r 

»Eu^ Chelate Xmax 



I. !! 1 0.02 291 



VvVS 

CO2H 2 or y 
39, Table 5 (Prior art) 

i « I 0.04 
L ^— CO,H 
42, Table 5 



2' 



-COjH 



277 



^— COjH 

43, Table 5 
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TABLE 7 

Luminescence vs. Concentration for the Eu^ 
Chelates of Phenenthrollne Tetraaclda 39 and A3 

' Table II 



39 


4.1 


-0.48 


39 , 


5.2 


-1.50 


43 


4.2 


• 1.36 


43 


5.2 


0.42 


43 


6.2 


-0.60 


43 


7.2 


-1.52 



a. [Eu"*"^] « [L] 

b* Xexcltatlon 330run, Xemlsslon 614nffl in 
pH 8.5 borate buffer 



1. A fluorescent chelate of Eu*^ and a chelating agent having the general structure 



R represents hydrogen, alkyi. ailcoxy^ alkylthio* aJkylamino, substituted or unsubstltuted aryl, arylo)cy, a 
heterocyclic group, an enzyme, antigen, or antibody; 

represents hydrogen, alkylt alkoxy, alkyithlo. alkylamino, substituted or unsubstituted aryl, a 
heterocyclic group, an enzyme, an antigen or an antibody; 

R^ represents carboxy, hydroxy, carbonyliminodlacetic add. methyleneimlnodlacetic add, hydra 
zinylylldenediacetic add or the esters or salts of such adds; 
n is 0 to 4; and 

m is 0 to 1 provided that a) m can be 1 only when n Is 0 and b) compounds of the structures (1), (il) or 
(ill) are excluded from said general structure. 



Claims 




wherein 
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HO. 



(ii) 



HO. 



I 



^ COjH^ 



(ill) 



COoH 



Y 



NiOjH 



3B 



40 



2. A fluorescently labeled specrfic binding reagent comprising a physiologically active material ad- 
sorbed or bound to a fluorescent label comprising a fluorescent chelate of a Eu*^ and a chelatlna aaent as 
claimed in Claim 1. ^ ^ ^ 

3. The Invention of claim 1 or 2 wherein the chelating agent has the structure 



50 



R 

A 



; wherein 



R represents hydrogen, alkyl. alkoxy. alkylthio. alkylamino. substituted or unsubstltuted aryl. aryloxv a 
heterocyclic group, an enzyme, antigen, or antibody; 
55 represents hydrogen, alkyl. alkoxy. aJkytthio. alkylamino, substituted or unsubstltuted aryl a 

heterocyclic group, an enzyme, an antigen or an antibody; 

R2 represents carboxy. hydroxy, carbonyliminodlacetic acid, methyleneimino diacetic acid 
hydrazinylylidene diacetic acid or the esters or salts of such acids; and 
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n is 1 to 4. 

4. The invention of claim 1 or 2 wlierein the chelating agerrt has the structure 



represents hydrogen, allcyl. alkoxy, alkytthio. atkylamino. >sut}stituted or unsubstftuted aryl, a 
heterocyclic group, an enzyme, an antigen or m antibody: and 

R2 represents carboxy, hydroxy, carbonyllmlnodlacetic add, methylenelmino diacetic acid, 
hydrazinyiylidene diacetic acid or the esters or salts of such adds. 

5. The Invention of claim 3 wherein 

represents hydrogen, phenyl, methoxyphenyl, toiyl. cyanophenyl, p-methylthiophenyl. methocycar- 
bonylphenyl. an enzyme, an antibody or an antigen or p^5.5<llphenylimldazolidlne-2,4Kflonh3^l)- 
methyiphenyl; and 

represents cart)oxy. hydroxy, carbonylimlnodidcetic add, methyleneimino diacetic add, 
hydrazinylyiidene diacetic add or the salts of mich acids. 

6. The invention of daim 3 wherein the chelating agent has the structure 
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wherein 
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< 



CO2H 



COjH 



Wherein 



R represents -H, -SCH3, ~°^"3' 




HOji io2H HOjA io2H 
represents -CH3, -NOj* or -OCH, 



HOjC 



.11 



R represents -CH3, -NOj, -OCH3; or 



wherein 



wherein 
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10 



5 



Ph- 




7. The invention of claim 2, 3. 4. 5 or 6 wherein the physiologically active material is selected from 
antibodies, antigens, haptens, enzymes, enzyme substrates, metaboiltes. vitamins, honnones. honrnone 
receptors, cell surface receptors and lectins. 

8. The invention of any of Claims 1 • 6 wherein thd mole ratio of Eu*'^ to the chelating agent Is from 1:1 
to 2:1. 

9. (n a method for performing an Immunoassay comprising the steps of 

a) fluorescently labeling a iigand of interest a derivative of said ligand or some other mioiecular entity, 
to produce a fluorescently labeled immuno logicdity binding Hgand analog of said llgami of Interest: 

b) adding a known amount of said fluorescentfy labeled iigand aialog and an unknown amount of 
iigand to be assayed to a receptor which is capable of binding with said ftuorescently labeTed ligand anak)g 
and also is capable of binding with said ligand to be assayed; and 

c) detemnining the unknown amount of said iigand to be assayed by measuring the fluorescence of 
2^ said fluorescently labeled ligand analog boitfid to said rec^r or l^y measuring the fluorescence of said 

fluorescently labeled Iigand analog remaining unbound. 

the improvement wherein the labeled ligand analog comprises, iigand adsorbed or covaientiy bound to a 
fluorescent label comprising a fluorescent chelate of a tanthanide metal and a chelating agent as defined in 
Claim 1 

3P 10. A compound having one of the following structures 
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1) V'^^f •''''^r 

*\ ^ \ /' 5 wherein 

COjH cOjH 

represents -H, -SCH3, "OCH,, -CN, 

^« °" \„ ,^^-0 ; wherein 

HOjC COjH HO2C COjH 
R represents -NOj* -OCH3; 
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Y V 

>M HO. 



IS 



20 



26 



00 



represents -CHj* -NOj or -OCH3. 



4) 




35 HOjC CO2H CO2H CO2H 

represents -OCH3, ^OjS 



wherein 
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5) 



10 



16 



V 



il 1 

^•^ \ ys 

V 

<CH3)3C02C C02C(CH3)3 



U I 



V 

I C02C(CH3)3 
C02C(CH3)3 
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6) 



7) 



0 

II 



Ph- 



0 

II 



0 i 



Ph 



1 



i02H 




so 



HO2C COgH HO2C COjH 
represents -H, -OCH3, -NO2; and 



Ph 



wherein 



56 



38 



0^256 



COjH CO2H 



represents H, -OCH^, -NOj. 



wherein 
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